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ABSTRACT 

We calculate the transformation from the Sloan Digital Sky Survey (SDSS) photo- 
metric system to the Johnson-Morgan-Cousins System in the HK Survey. This research 
was done in late 2001, so the SDSS photometry was taken from the databases prior 
to the release of DR1. This paper is being posted because it is referenced in other 
papers in the literature, but will not be submitted to a refereed journal because it uses 
unpublished versions of the catalogs. 



1. Introduction 

The Sloan Digital Sky Survey (SDSS) photometric catalogs are an important source of stellar 
photometry, and must be understood in the context of decades of stellar research using different filter 
standards. In this paper a transformation is computed between the available SDSS photometry 
in October 2001 and stars of the HK objective prism survey as provided by T. Beers, private 
commun ication. A description of th e HK survey and an earlier version of the catalog can be 
found at iPreston. Schectman fc Beersl ()199ll ) . The overlaps between the catalogs are relatively few 
because the faint limit of the HK survey is at approximately the same magnitude as the saturation 
limit of the SDSS. Neither of the catalogs compared here are standard version s, but were the onl y 
comparable s avail a ble at the t i me. T echnical SPS S deta ils can be found in iGunn et al.l (|1998l ): 



Hogg et al.1 (|200lh : IPier et al.1 l|2003 ): ISmith et al.1 (120021k and 



transformation equations can be ob tained from 



Jester et al 



York et al. (2000). More recent 



f200 5TI:lKaraali. Bilir k Tuncell (|2005l l: 



Bilir. Karaali feTuncell (120051 ): and I West. Walkowicz Sz Hawleyl (|2005l ): and two other unpublished 
determinations that can be found in the documentation for the SDSS DR4 at: 



http://www.sdss.org/dr4/algorithms/sdssUBVRITransform.html 



i 
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2. Query Consideration and Data Reduction 

Table 1 lists the stars that were common to the HK survey and the SDSS survey in October 
2001. Generation of both catalogs was a work in progress at that time. We selected from the HK 
catalog all stars whose J2000 coordinates matched SDSS catalog entries within: 

A(RA) < 7."2(0.002°) A(Dec) < 7."2 (1) 

We rejected any matches in which the SDSS star was saturated by checking the catalog flags: 

(objFlags k OBJECT_SATUR) == (2) 

We use the magnitude calculated from a fit of modeled stellar profile (point-spread-function, or 
PSF magnitude) to each object. Because these stars are too bright for sky noise affect the quality 
of the photometry, the use of aperture magnitudes would have made little difference. 

All photometry in Table 1 has been corrected for interstellar reddening using the Eb-v de- 
termined from the HK surv ey. Corrections for the SPSS pho tometry are determined from the 



standard extinction curve of lCardelli. Clavdon. &: Mathia (| 19891 ). which for SDSS filters yields: 



A u * = 5.2Eb-v', A g * = 3.2Eb~v', A r * = 2.&Eb~v] 
Ai* = 2AE B -V, A z * = l.5E B -v 

We noticed that the value of (U — B) is -9.990 for some stars in the original HK list. They were 
replaced by "•• •" in the Table 1. When we calculate the transformation which requires U band, 
these stars were not included. Three stars were removed from the original matched list because 
their SDSS photometry was suspicious: (RA, dec) = (199.9265, 3.9129), (224.7835, -0.2537), 
(200.7934, 4.6075). Two of the stars were close to other bright starts which may have confused 
the SDSS object deldender. 



3. Comparison of derived transformation to Fukugita et al. 1996 

Figure 1 shows the color-color plots for the SDSS PSF magnitude against the HK survey U-B- 
V magnitudes of these stars. The coeffices in the equations, plotted as the lines, are derived using 
the Method of Least Squares. We notice that one star, (221.5996, -0.1158) is half a magnitude 
brighter in SDSS filters than we expect (though the colors are the same). It is labeled using a bold 
font in Table 1. There is no reason to remove it from the catalog but we ignore it in all fits for 
filter transformations. 



Fukugita et al.l (|1996l ) described SDSS photometric system and gave the approximate color 
transformation equations from the Johnson-Morgan-Cousins system to the SDSS system. A com- 
parison of our transformations to theirs is given below: 
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Fig. 1. — Color-Color plots of UBV system against SDSS PSF magnitude. The solid line is the 
least squares fit to the data. The dashed line indicates the transformation equation of Fukugita et 
al. (1996). 
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Fukugita s paper 
g * = V + 0.56(5 -V)- 0.12 
r* = V -0.49(5 -V) + 0.11 
u* -g* = 1.38(17 - 5) + 1.14 
0* - r* = 1.05(5 - V) + 1.14 



OurResult 

g * = V + 0.592(5 — V) — 0.102 
r* = y - 0.451(5 — V) + 0.082 
u * - g * = 1.210(17 - 5) + 1.103 
g* -r* = 1.043(5 - F) — 0.185 



For the blue stars from which our transformation was derived, our transformations are similar 
to Fukugita's. The (u* — g*) transformation is the only one that is significantly discrepant. This 
is because the actual u* filter response is different from the theoretical curve used by Fukugita et 
al.(1996). 



4. Inverse Transformation Equations 

We will discuss the inverse transformation from SDSS PSF magnitude to UBV system in this 
section. Magnitudes in the g* filter and g* — r* color are used as the primary parameters in the 
equations since the noise in u* is typically higher. We also considered other combinations of filters. 
Figures 2 and 3 show the results; the transformation is summaried below: 



U = g* + 0.883(u* - g*) - 0.717 
B = g* + 0.348(5* - r*) + 0.175 
V = g* — 0.561(5* - r*) - 0.004 
(U-B) = 0.754(n* - g*) - 0.835 
(B — V) = 0.916( 5 * - r*) + 0.187 



U = u* - 0.117(u* - g*) - 0.717 
B = g* + 0.162(n* - g*) + 0.094 
V = r* + 0.439(5* - r*) - 0.004 



5. Conclusion 



We have derived transformation equations between HK catalog photometry and SDSS pho- 
tometry. 



Funding for the SDSS and SDSS-II has been provided by the Alfred P. Sloan Foundation, 
the Participating Institutions, the National Science Foundation, the U.S. Department of Energy, 
the National Aeronautics and Space Administration, the Japanese Monbukagakusho, the Max 
Planck Society, and the Higher Education Funding Council for England. The SDSS Web Site is 
http://www.sdss.org/| 
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Fig. 2. — Transformation plot from SDSS photometric system to UBV system. 
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Fig. 3. — Transformation plot from SDSS photometric system to UBV system. 
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Table 1. Catalog of HK Survey Cross-correlated with SDSS non-EDR Database 





HK Coord 


GSC Coords 


SDSS Coords 




UBV system 








SDSS PSF 


mag 


;nitude 
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I A 

Dec 


T~> A 

KA 


Dec 


U 




V 


* 

u 


* 

9 


* 

r 


i* 


z 


,* 


1 


303110077 


198 6167 


3.4511 


198 6159 


3.4523 


15. 


.591 


15.358 


14. 


.688 


16 


.384 


14.974 


14. 


,456 


14.305 


14. 


.252 


2 


303110073 


198 6225 


5.5703 


198 6217 


5.5714 


14. 


,930 


14.950 


14. 


.640 


15. 


.847 


14.716 


14. 


.573 


14.572 


14. 


.604 


3 


303110061 


198 7546 


3.4669 


198 7540 


3.4681 


15. 


.451 


15.338 


14. 


.708 


16 


.271 


15.015 


14. 


,551 


14.404 


14. 


.289 


4 


303110056 


199 4292 


2.9122 


199 4284 


2.9136 


15. 


.090 


15.180 


14. 


.730 


15. 


.960 


14.902 


14. 


.557 


14.487 


14. 


.475 


5 


303110040 


199 7233 


2.5875 


199 7230 


2.5878 


15. 


.320 


15.340 


14. 


.770 


16 


.205 


15.046 


14. 


.633 


14.534 


14. 


.485 


6 


303110048 


199 8633 


5 8553 


199 8626 


5 8556 


15. 


.160 


15.350 


14. 


.950 


15. 


.997 


15.107 


14. 


.851 


14.776 


14. 


.767 


7 


303110046 


199 9279 


3.9136 


199 9281 


3.9145 


15. 


.401 


15.348 


14. 


.718 


16 


,268 


15.012 


14. 


.566 


14.413 


14. 


.400 


8 


303110031 


200 2954 


5.5717 


200 2956 


5.5726 


14. 


.880 


15.050 


14. 


,650 


15. 


.703 


14.806 


14. 


.521 


14.445 


14. 


.430 


9 


303110021 


200 6808 


3.6422 


200 6812 


3.6434 


15. 


.300 


15.350 


14. 


,800 


16 


.131 


15.034 


14. 


,691 


14.548 


14. 


.519 


10 


303110026 


200 7858 


5 6906 


200 7862 


5.6917 


14. 


.840 


15.020 


14. 


.590 


15. 


.717 


14.745 


14. 


.486 


14.386 


14. 


.364 1 


11 


303110019 


200 9633 


2.1536 


200 9627 


2.1530 


14. 


.990 


14.890 


14. 


,260 


15. 


.823 


14.517 


14. 


.040 


13.938 


13. 


.872 


12 


303110020 


201 0854 


3.4172 


201 0859 


3.4179 


15. 


.210 


15.180 


14. 


.680 


16 


.037 


14.906 


14. 


.531 


14.426 


14. 


.441 


13 


303110015 


201 5829 


3 9639 


201 5831 


3.9651 


14. 


.280 


15.220 


15. 


.350 


15. 


.028 


15.181 


15. 


.423 


15.509 


15. 


.617 


14 


303110004 


202 0821 


3.3917 


202 0821 


3 3920 


14. 


.950 


14.970 


14. 


.490 


15. 


.855 


14.703 


14. 


.355 


14.166 


14. 


.114 


15 


164770013 


zly.Uzo / 


O.004Z 




O.D041 






1/1 /ICQ 

14.4oo 


14. 


.058 


15. 


.138 


1/11 KCZ 
14.100 


13. 


.855 


13.790 


13. 


.748 


16 


164770026 


219.3088 


2.7725 


219.3079 


2.7723 


15. 


.062 


15.064 


14. 


.714 


16 


.060 


14.993 


14. 


.747 


14.699 


14. 


.660 


17 


164770031 


219.7417 


4.0964 


219.7411 


4.0969 


15. 


.081 


15.148 


14. 


.868 


15. 


.928 


14.887 


14. 


.766 


14.753 


14. 


.791 


18 


164770028 


219.9288 


2.9500 


219.9286 


2.9489 






14.894 


14. 


.254 


15. 


.760 


14.519 


14. 


.089 


13.954 


13 


.932 


19 


303170034 


220.3283 


4.0239 


220.3291 


4.0244 


14. 


.802 


14.874 


14. 


.284 


15. 


.631 


14.566 


14. 


.255 


14.179 


14. 


.158 


20 


164770057 


220.8487 


4.8675 


220.8486 


4.8677 


15. 


.232 


15.096 


14. 


.966 


16 


.155 


14.894 


15. 


.037 


15.172 


15. 


.251 


21 


164770054 


221.0037 


3.9461 


221.0035 


3.9455 






15.146 


14. 


.426 


16 


.237 


14.706 


14. 


.152 


14.000 


13. 


.902 


22 


169810101 


221.1496 


-0.9181 


221.1499 


-0.9187 


14. 


.872 


14.974 


14. 


.464 


15. 


.553 


14.561 


14. 


.238 


14.124 


14. 


.100 


23 


169810110 


221.5996 


-0.1158 


221.5997 


-0.1158 


15. 


.622 


15.494 


15. 


.184 


15. 


.856 


14.711 


14. 


.726 


14.770 


14. 


.834 


24 


164770069 


221.6121 


3.6933 


221.6126 


3.6946 






15.506 


14. 


.866 


16 


.372 


15.128 


14. 


.681 


14.601 


14. 


.546 
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z 
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25 
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1 A 

14 
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oyz 
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10. 


.ZOo 
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.050 


26 
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222.4554 


2.0433 
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10 


,161 


15.104 


1 A 

14. 


,0z4 


1 K 

10. 


QQQ 
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14. 


.674 
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27 
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10 
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lo 
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1 1 
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.yzo 


13 


.828 
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.597 
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303010084 


225.5146 


1.0722 


225.5137 


1.0718 


14 


.523 


14.422 


13 


.792 


15. 


.354 


14. 


.074 


13. 


591 


13. 


.429 


13. 


,431 


39 


303010009 


227 4396 


-0.0919 


227 4394 


-0.0915 


14 


.893 


14.932 


14 


.322 


15. 


.604 


14. 


.534 


14. 


040 


13 


.860 


13. 


.756 


40 


228940007 


353.0421 


0.0939 


353.0421 


0.0937 


13 


.840 


13.699 


13 


.534 


14. 


.669 


13 


.511 
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.584 
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.688 


13. 


.902 


41 
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353.0750 
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353.0752 
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15 


.663 


15.506 


15 


.444 


16. 


.574 


15. 


.368 


15. 


507 


15. 


.644 


15. 


.707 


42 


228940004 


353.1646 


-0.9369 


353.1648 


-0.9368 


14 


.260 


14.456 


14 


.074 


15. 


.028 


14. 


.232 


13. 


980 


13, 


.903 


13. 


.837 


43 


228940009 


353.3700 


0.9594 


353.3702 


0.9591 


14 


.407 


14.538 


14 


,044 


15. 


.276 


14. 


.270 


13. 


920 


13. 


.730 


13. 


.703 


44 


228940005 


353.4475 


-0.5358 


353.4482 


-0.5360 


14 


,698 


14.859 


14 


.414 


15. 


.528 


14. 


.617 


14. 


290 


14. 


.154 


14. 


.132 


45 


228940003 


353.4846 


-1.2039 


353.4847 


-1.2041 


14 


,806 


14.646 


14 


,544 


15. 


.755 


14. 


.610 


14. 


.664 


14. 


.744 


14. 


.811 


46 


228940014 


353.9450 


0.8819 


353.9454 


0.8817 


14 


,645 


14.526 


14 


.434 


15. 


.621 


14. 


.362 


14. 


484 


14. 


.578 


14. 


.661 


47 


228940017 


354.0967 


0.0700 


354.0973 


0.0702 


14 


,321 


14.487 


14 


,034 


15. 


.116 


14. 


.283 


13. 


.928 


13 


.752 


13 


.841 


48 


228940020 


354.5200 


-0.4206 


354.5199 


-0.4203 


15 


,000 


15.069 


14. 


,764 


15. 


.911 


14. 


.852 


14. 


.712 


14. 


.683 


14. 


.731 
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13.769 


13.616 


13.675 


50 


228940030 


354.9933 


-0.8097 


354.9939 


-0.8094 


15.034 


14.974 


14.586 


15.908 


14.767 


14.530 


14.428 


14.432 


51 


228940031 


355.0013 


-0.5106 


355.0020 


-0.5109 


14.290 


14.162 


14.116 


15.255 


14.073 


14.229 


14.352 


14.506 


52 


228940033 


355.0225 


-0.3222 


355.0226 


-0.3219 


15.183 


15.032 


14.926 


16.069 


14.890 


15.046 


15.161 


15.198 


53 


228940034 


355.4050 


0.0236 


355.4052 


0.0231 


14.988 


14.865 


14.696 


15.889 


14.634 


14.679 


14.748 


14.886 


54 


228940036 


355.5304 


0.5481 


355.5305 


0.5480 


15.011 


14.955 


14.696 


15.840 


14.767 


14.662 


14.638 


14.606 


55 


228940029 


355.5604 


-0.8592 


355.5609 


-0.8591 


14.453 


14.533 


14.274 


15.407 


14.348 


14.227 


14.275 


14.311 


56 


228940028 


355.8275 


-1.1953 


355.8280 


-1.1952 


14.862 


15.064 


14.634 


15.669 


14.713 


14.505 


14.332 


14.364 


57 


228940046 


356.1296 


-0.4364 


356.1294 


-0.4363 


15.252 


15.214 


14.766 


16.197 


14.945 


14.607 


14.521 


14.477 
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228940054 


357.1179 


0.4003 


357.1192 


0.3994 


14.361 


14.486 


14.116 


15.246 


14.182 


13.980 


13.981 


13.906 



